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o A brief history of Galileo
o Spaceopal – Who we are and what we do
o Current Status of Galileo and future development
o Galileo + GPS !
Benefits of additional worldwide navigation systems.
o Current technological available services
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A brief history of Galileo
GALILEO
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Independent 
& 
Compatible
Industrial 
development
Civil applications 
To create an independent GNSS system 
for Europe. 
Civil
Free service
Global coverage 
Multi-frequency
Improve industry capacity
New technologies
Compatible and interoperable with GPS, 
Glonass and Beidou.  
GALILEO – a new GNSS
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First appearance of Galileo 
in the Communication of the 
European Commission. 
GIOVE-A transmits the 
first Galileo-like signal 
towards the Earth.
First 2 operational satellites 
(GSAT0101 and GSAT 0102) are 
launched in October.
Development of 2 test 
satellites GIOVE-A and 
GIOVE-B
First independent Galileo 
position fix is achieved on 
12 March 2013
December 15th, Initial Services 
Declaration
Latest launch: 4 more 
satellites to sum up to a 
total of 26 in orbit 
20182016
2013 2011
200620031999
GALILEO – a brief history
Page 5
Galileo Service 
Provider
Galileo Service 
Operator (GSOp)
• Operations Management
• Operations Engineering and Preparations
• Maintenance and Operations (M&O)
• GNSS Service Centre Operations (GSC)
• Launch and Early Orbit Phase (LEOP)
• Galileo Data Dissemination Network (GDDN)
• Market Uptake and Marketing
• Galileo Service Provision
• Service Management
• Security / Security Monitoring Operations
• Service Facilities: GRC, GSC, GILSC
• Maintenance, Evolution, and Future Development
System Design 
Authority
• Technical development of 
Galileo infrastructure
• Galileo deployment
• Design and development of the 
new generation of systems
• Program supervision
• Management of all program activities
https://www.esa.int/Our_Activities/Navigation/Galileo/Galileo_partners
https://www.gsa.europa.eu/news/galileo-service-provision-delegated-european-gnss-agency
https://spaceopal.com/about/
• Time Service Provision (TSP)
• Geodetic Reference Service Provision (GRSP)
• In-Orbit Test (IOT) Services
• Integrated Logistics Services (ILS)
• Security Operations
GALILEO - Political Setup
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Who we are and
what we do
SPACEOPAL
Page 7
o Spaceopal GmbH, with headquarters in Munich, is a joint venture founded in 2009 by 
the partners DLR Gesellschaft für Raumfahrtanwendungen (GfR) mbH and Telespazio 
S.p.A. 
o Spaceopal is successfully contributing “since the beginning” to the Galileo Project 
achievements with its strong and unique heritage.
o The success story is continued for the next decade as Service Operator of the Galileo 
system
GCC-D
GCC-I
GNSS Service Centre
SPACEOPAL - SERVICING EUROPE WORLDWIDE
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Service continuity
GDDN serviceLEOP (L10)
GSC L2/L3 maintenanceGNSS Service Centre
8 additional S/C TSP & GRSP
Infrastructure upgrades
SPACEOPAL  - SERVICED INFRASTRUCTURES
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SPACEOPAL & GSOP - OUTLOOK FOR 2019-2020
RELIABLE GALILEO SERVICE PROVISION
APPROACHING ENHANCED SERVICE stepwise implementation
Core Infrastructure L2/L3 maintenance handover and execution
GEODETIC REFERENCE PROVIDER FACILITY design and development 
ON-BOARD SOFTWARE UPGRADES validation and upload to the S/C
validation and role-outCOMPLETION OF SB1.5.1 GROUND INFRASTRUCTURE RELEASE
ENABLING L11 LEOP EXECUTION FROM GCC-D 
Infrastructure and OPS preparation and validation
HOSTING SERVICES UPGRADE AT GCC-I AND GCC-D 
RLSP CENTER INTEGRATION
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Current Status of Galileo 
and future development
GALILEO
Page 11
5 Mission 
Uplink 
Stations 6 TT&C Stations
Constellation of
24 + 6 MEO Satellites
IOT Center
1 LEOP Center
18 Galileo Sensor 
Stations
1 Service Center
2 Control Centers
GALILEO - SYSTEM ARCHITECTURE
Page 12
1 Security Center 
(GSMC), 1 Logisitics 
Center (GILSC), 1 
Reference Center 
(GRC)
Galileo Open Service (OS)
Free of charge ranging, positioning and 
timing service.
Search and Rescue (SAR)/Galileo
Contribution to the Cospas-Sarsat MEOSAR 
program through the provision of a Forward 
Link Alert Service.
Galileo Public Regulated Service (PRS)
An encrypted navigation service for governmental 
authorised users and sensitive applications that 
require high continuity.
15 December 2016
Declaration of Initial Services
Anyone with a Galileo-enabled device can now receive Galileo signals for positioning, 
navigation and timing.
Free of Charge
Available for all citizens, businesses and authorities
GALILEO - Services Today
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2017/19
EXPLOITATION 
PHASE
FOC1 System
2020
FULL OPERATIONAL 
CAPABILITY
24 operational satellites 
and complete ground 
infrastructure
2015/16
INITIAL GALILEO SERVICES
OS, SAR, PRS, C/S Demonstrator
Batch-3 Satellites
Launch End of 2020
Galileo Transition 
Satellites
Transition to G2G
Galileo 2nd
Generation
G2G
After 2020
TOWARD 
GALILEO 2nd
GENERATION
GALILEO – Moving Ahead
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Navigation Message 
Authentication
High Accuracy 
Service
Signal Authentication 
Service Return Link Service
• Authentication of 
navigation data
• Provision through 
the E1-B signal
Free of charge Free of charge
• Addt’l high accuracy 
signal correction
• Provision through 
the E6-B signal
• Signal authentication 
through ranging code 
encryption
• Provision through 
the E6-C signal
• Acknowledgement 
for the distress 
beacon
• Provision of ack. data 
through the E1-B 
signal
GALILEO – Future Services
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Free of charge
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Why Galileo when there is already GPS?
Benefits of additional worldwide positioning systems.
!+
GALILEO & GPS
o GPS and Galileo are compatible and interoperable
o Using them together has the following advantages:
o Higher accuracy and availability (urban areas)
o Redundancy allowing for more sophisticated navigation methods
o After 2020: > 40 MEO satellites in view
(GPS, Galileo, Compass and Glonass)
o Large number of GNSS satellites in visibility in future
o The users will pick up the best GNSS signals
based on:
o Power level
o Easy acquisition
o Adherence to multi-constellation
standards
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Compatibility is the ability of space-based 
positioning, navigation and timing services to be 
used separately or together without interfering
with each individual service or signal, and without 
adversely affecting national security.
Interoperability is the ability of glob l and r gional 
navigation satellite systems and augmentati ns 
and the servic s they provide to be used together 
so as to provide better capabilities at the user level 
than would be achieved by relying solely on the 
open signals of one system with minimal 
additional receiver cost or complexity.
GALILEO & GPS
FCC approves Use of Galileo in the US
Nov 15, 2018:
The U.S. Federal Communications Commission (FCC) allows devices in the United States to access specific signals transmitted from the 
Galileo Global Navigation Satellite System.
The FCC noted that Galileo is uniquely situated as a foreign GNSS system with respect to GPS, since the two systems are interoperable and 
radiofrequency compatible following the 2004 European Union/United States Galileo-GPS Agreement.
Specifically, the FCC ruling permits access to two Galileo signals – the E1 signal that is transmitted in the 1559-1591 MHz portion of the 
1559-1610 MHz Radio-navigation-Satellite Service (RNSS) frequency band and the E5 signal that is transmitted in the 1164-1219 MHz 
portion of the 1164-1215 MHz and 1215-1240 MHz RNSS bands.  These are the same RNSS bands in which GPS satellite signals operate. 
“Adding these new signal streams should only improve the U.S. consumer experience without causing any 
downsides”
FCC Commissioner Michael O’Reilly
https://www.gsa.europa.eu/newsroom/news/fcc-approves-use-galileo-us
GALILEO & GPS
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Galileo Technological 
Availability
GALILEO
Page 19
20 companies
77 phones
GALILEO
Page 20
GALILEO & GPS
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World’s first dual-frequency GNSS smartphone!!
 Improved accuracy.
 Faster.
 More robust against interference.
 More resistant to multipath effect.
GALILEO
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Spaceopal launched NAVCAST and IONOLAB:
o NAVCAST: GNSS Precise Point Positioning (PPP) 
service featuring high accuracy positioning 
enhancement for end users worldwide in October 
2018
o IONOLAB: contributes to enhance NAVCAST service, 
boosting its performances in terms of accuracy 
and convergence time
Try It For Free!
https://spaceopal.com/navcast/
NAVCAST – SPACEOPAL’S PPP SERVICE
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THANK YOU FOR 
YOUR ATTENTION
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Characteristic
Owner European Union United States Russian Federation China
First launch 2011 (IOV) 1978 1982 2000
FOC 2020 1995 1996 2020
Services OS (Open Service)
SAR (Search and 
Rescue)
PRS (Public Regulated 
Services)
SPS (Standard Positioning 
Service)
PPS (Precise Positioning 
Service); Military
SP (Standard Precision)
HP (High Precision)
OS (Open Service)
Authorized Service
Orbit Height 23.222 km 20.180 km 19.140 km Three types of orbits:
GEO & IGSO: 35.786 km
MEO: 21.528 km
Period of 
revolution
14h 22min 11h 58min 11h 15min MEO:12 h 53 min
Number of 
signals/Number of
frequencies
6*/4 8/3 5/3 6/4
Geodetic 
reference system
Galileo Terrestrial 
Reference Frame (GRTF)
WGS-84 PE-90 China Geodetic Coordinate 
System (CGCS2000)
Time system Galileo System Time 
(GST)
GPS Time GLONASS time BeiDou System Time (BDT)
Galileo GPS GLONASS BeiDou
* Considering only the data signals (not pilot signals)
Backup Slides
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* Considering only the data signals (not pilot signals)
How do these GNSS coexist 
together?
• The International 
Telecommunications Union (ITU) 
coordinates the shared global 
use of the radio spectrum.  L 
band (1 to 2 GHz) is suitable for 
satellite systems.
• How does the receiver 
distinguish each signal?
Code Division Multiple Access 
(CDMA): the receiver 
differentiate each signals by its 
code.
Source: Skydel
E6L5/E5 L2 L1/E1
Backup Slides
Source: Skydel
Galileo Constellation
Walker 56°: 24/3/1 + 6 spares
• Orbit inclination with respect to Equator is 56°
• 24 satellites in 3 orbital planes.
Source: DLR
Source: GSA
See metadata page for 
streaming video
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Source: Skydel
Elements of a Galileo satellite
1
L-Band 
Antenna
Transmits the navigation
signals to the users.
4
C-Band 
Antenna
2
S-Band 
Antenna
Transmits data about the
satellite platform and
payload to ground
stations and receives
commands to control the
satellites and operate the
payload.
IOV satellite; Source:GSA
5 406 MHz 
SAR 
Antenna
Collects distress signals
from beacons on Earth.
Atomic 
clocks
9
Very precise clocks: a rubidium atomic
clock and a hydrogen maser clock.
3
L-Band SAR 
Antenna
Re-emits distress signals
to SAR ground stations.
6
7
Solar Panels
Provides photovoltaic
energy to the satellite’s
systems.
Laser 
Reflector
Determines the precise
distance to Earth.
Propulsors
Allows the positioning
of the satellite
8
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IOV: In Orbit Validation phase
to validate the Galileo service
concept
FOC: Full Operational Capability phase to complete deployment of 
constellation and ground infrastructure
Contractor OHB Systems GmbH
Mass About 733 kg
Body dimensions
(X x Y x Z)
2.53 x 1.2 x 1.1 m
Lifetime More than 12 years
Launch 1
Oct 11
Thijs
Natalia
L2
Oct 12
David
Sif
L3
Aug 14
Doresa
Milena
L4
Mar 15
Adam
Anastasia
L5
Sep 15
Alba
Oriana
L6
Dec 15
Andriana
Liene
L7
May 16
Danielè
Alizée
Antonianna
Lisa
Kimberley
Tijmen
L8
Nov 16
L9
Dec 17
Nicole
Zofia
Alexandre
Irina
L10
July 18
Samuel
Anna
Ellen
Tara
Contractor Astrium GmbH
(now Airbus 
Defence&Space)
Mass About 700 kg
Body
dimensions 
(X x Y x Z)
2.61 x 1.14 x 1.14 m
Lifetime More than 12 
years
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26 satellites in 
orbit
Galileo Constellation Status Update
22 operational
2 in eccentric orbit for 
Testing purposes
2 not operational
See metadata page for streaming video
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LEOSAR
GEOSAR
MEOSAR
COSPAS/SARSAT and SAR/GALILEO
